ABSTRACT -The present work aimed to characterize and identify QTLs for wood quality and growth traits in E. grandis x E. urophylla hybrids. For this purpose a RAPD linkage map was developed for the hybrids (LOD=3 and r=0.40) containing 52 markers and 12 linkage groups. Traits related to wood quality and growth were evaluated in the QTL analyses. QTL analyses were performed using chi-square tests, single-marker, interval mapping and composite interval mapping analyses. All approaches led to the identification of similar QTLs associated with wood density, cellulose pulp yield and percentage of extractives, which were detected and confirmed by both the interval mapping and composite interval mapping methodologies. Some QTLs regions were confirmed only by the composite interval mapping methodology: percentage of soluble lignin, percentage of insoluble lignin, CBH and total height. Overlapping QTLs regions were detected, and these, can be the result of major genes involved in the regulation and control of the growth traits by epistatic interactions. In order to evaluate the effect of early selection using RAPD molecular data, molecular markers adjacent to QTLs were used genotype selection. The analysis of selection differential values suggests that for all the traits the phenotypic selection at seven years should generate larger genetic gains than early selection assisted by molecular markers and the combination of the strategies should elevate the selection efficiency.
MAPEAMENTO DE QTLS PARA CARACTERÍSTICAS DE QUALIDADE DA MADEIRA E CRESCIMENTO EM HÍBRIDOS (Eucalyptus grandis X Eucalyptus urophylla)

RESUMO -O presente trabalho teve como objetivos a caracterização e identificação de QTLs para características de crescimento e de qualidade da madeira em híbridos de eucalipto derivados do cruzamento entre E. grandis e E. urophylla. Para isso foi desenvolvido um mapa de ligação RAPD pouco saturado (LOD = 3 e r = 0,40) contendo 52 marcas e 12 grupos de ligação. Características de qualidade da madeira e características de crescimento foram avaliadas quanto à presença de QTLs. Foram utilizadas metodologias de mapeamento por marca simples, mapeamento por intervalo simples e mapeamento por intervalo composto para posicionamento e caracterização dos efeitos dos QTLs. Todas as análises geraram resultados consistentes que indicaram a existência de QTLs relacionados com a expressão das características densidade, rendimento de polpa e teor de extrativos confirmados pela metodologia de mapeamento por intervalo simples e pelo mapeamento por
INTRODUCTION
At present, the most used species for reforestation projects in Brazil belong to the genus Eucalyptus (Myrtaceae) that stands out for the fast growth, easy management and good technological characteristics (TURNBULL, 1999) . The growing interest for Eucalyptus wood can be sensed on the increase of the cultivated area with more than three million hectares between 1985 and 1994 and on the number of breeding programs aiming to obtain better raw material. Brazil has the second largest area of Eucalyptus forest settlements in the world, and it also stands out in the world market as one of the largest short-fiber cellulose producers (ALFENAS et al., 2004) .
To assist the high demand for quality raw material for paper and cellulose production, technological characteristics of the wood are nowadays a priority in forest improvement programs (CAMPINHOS, 1999) . Studies on wood technological characteristics are usually limited by the evaluation process, which can only be accomplished in adult plants and in laboratories with a good infrastructure. The application of modern measuring techniques, such as infrared absorption, allows the automation of the wood quality evaluation process (ANTTI, 1999) . Analysis automation has been a decisive factor for genetic studies of wood quality considering the high number of individuals that should be evaluated.
The development of molecular marker techniques provided new resources to the traditional breeding and increased the importance of genetic mapping to improvement programs due to its feasibility and discrimination capacity of countless markers (ROCHA et al., 2003; JAUHAR, 2000) . Among the populations of widespread use for genetic mapping of plants, the most outstanding are F2 populations derived from F1 by coupling or repulsion, populations obtained by backcrossing, R.I.L, double haploid and F1 populations of mixed segregation (GRATTAPAGLIA e SEDEROFF, 1994) .
Strategies that require few generations provide remarkable time gains for species with long life cycles, such as forest species (GRATTAPAGLIA et al., 1996) . In this scenario, the majority of the forestry mapping research uses populations that need few generations to be obtained associated with field data, aiming to select the sibs with prominent genetic variability for the target traits. Grattapaglia and Sederoff (1994) , suggest the use of F1 populations derived from crosses of genetically contrasting genitors. This strategy makes use of the high genetic variability among genitors to obtain markers that are similar to those of a testcross. (ROCHA et al., 2004 , GRATTAPAGLIA e SEDEROFF, 1994 .
Among the available molecular marker techniques, the PCR based reactions (Polymerase Chain Reaction) stand out for the great production of DNA molecules amount from few initial ones. A PCR technique variant was described by two independent groups and almost at the same time (WELSH et al., 1990; WILLIAMS et. al., 1990 ) using arbitrary primers, not requiring previous knowledge of the target sequence to be amplified. Molecular marker analysis allows to identify genome segments that contributes to the genetic variance of a trait and thus to select superior genotypes. Selecting for favorable effects based on marker data (markerassisted selection, MAS) therefore has great potential for improving quantitative traits. The RAPD methodology is used for QTL detection in different plant species, because it facilitates high genome covering, with fast results and universal use (GRATTAPAGLIA e SEDEROFF, 1994; ROCHA et al., 2002) . The main limitation of this technique lies on the questionable repeatability among laboratories and the low content of information per locus.
The term QTL ("Quantitative trait loci"), as defined by Geldermann 1975, bases on the existence of related loci of higher importance for the expression of quantitative traits. The use of molecular marker genetic maps for the study of the inheritance of quantitative traits allows the detection of chromosomes or linkage groups regions and that are more significant to the trait expression (SCHUSTER e CRUZ, 2004) . Several QTLs related with development traits are described for species of the Eucalytus genus (JUNGHANS et al., 2003; THAMARUS et al., 2002; GRATTAPAGLIA et al., 1995; GRATTAPAGLIA et al., 1996; MARQUES et al., 1999; VERHAEGEN et al., 1997; BYRNE et al., 1997a,b) .
The objectives of the present work were to detect candidate loci for QTLs related to growth and wood quality.
MATERIAL AND METHODS:
Plant Material
The experimental material consisted of 90 E. grandis x E. urophylla elite hybrids from the CENIBRA CELULOSE S/A progeny tests located in the municipal district of Ipatinga, Minas Gerais, which presents the following characteristics: latitude 18 o S, longitude 42 o W, 800-1000 meters above the sea level, precipitations at 1300-1500mm/year and hydric deficit from 100 to 150 mm/year.
Traits measured
The growth traits circumference at breast height (CBH), total height, and commercial height were measured in 90 standing trees that had their leaves collected for DNA amplification. Three thick wood disks of 4 to 5 cm collected at breast height were sampled for measuring the following wood quality traits: wood density, cellulose pulp yield, percentage of extractives, percentage of insoluble lignin, percentage of soluble lignin, using a near infrared spectrophotometer -NIRS. The wood disks were ground in a hurricane-type mill and separated using 0.5 mm sieves.
RAPD marker genotyping
Leaf samples were used in the DNA extraction as described by Doyle and Doyle (1990) with the following modifications: 1% insoluble P.V.P. (polyvinylpyrrolidine) and 0.4% de β-mercaptoethanol in the extraction buffer. The RAPD amplifications were performed according to Williams et al., (1990) . A total of 260 random primers (Operon Technologies Inc., Alameda, CA) were used to select the ones suitable for mapping.
Mapping approach
Marker segregation ratio was evaluated using the χ 2 test (α = 0.01 level). The linkage analysis for RAPD marker data was carried out for each parental data set using the GQMOL software developed at the Universidade Federal de Viçosa (SCHUSTER e CRUZ, 2004) available at http://www.ufv.br/dbg/gqmol/ gqmol.htm. Markers linked with a recombination frequency of θ < 0.40 and P < 0.0001 were assigned to the linkage groups. The Kosambi map function was used to convert the recombination frequency data into genetic distances.
QTL mapping -Single-factor analysis
Single-marker variance analysis (P < 0.05) was performed to identify QTLs associated with wood quality and growth traits using the GQMOL software. This procedure allows the marker effect evaluation even if it is not included in the linkage map.
QTL mapping -Composite interval mapping
To better estimate the number and position of the QTLs and verify the results obtained using singlefactor ANOVA, the association markers QTLs were also evaluated by composite interval mapping. This procedure used both QTL Cartographer version 1.14 (BASTEN et al., 2000) and GQMOL. The option model 6 of the Zmapqtl with 10 background parameters based on forward-backward regression analysis and 1 cM walking speed were used. To determine an empirical threshold significance level for QTL detection 1,000 permutations were performed considering the significance levels of 5% and 10% (CHURCHILL e DOERGE, 1994).
Assisted selection
In order to evaluate the effect of early selection using RAPD molecular data, molecular markers adjacent to QTLs were used to select genotypes among the evaluated population. Differential selection values of assisted and phenotypic selection were used as reference values for selection strategy efficiency.
RESULTS AND DISCUSSION
Polymorphism detection and selection of RAPD primers
Although more robust molecular marker techniques, such as the microsatellites markers (BRONDANI et al., 1998; , are described for Eucalyptus, the availability of numerous RAPD primers was decisive for the development of this work. Previously, RAPD primers were tested to detect polymorphic DNA fragments for the genetic mapping. Two hundred and sixty decamers primers, with arbitrary sequences from kits A, B, C, D, F, G, H, I, J, K, L, N, P, Q, R, V, W, X, Z (Operon Technologies Inc., Boulevard, CA, USA) were evaluated. Sixty-three primers were selected resulting in a total amplification of 176 polymorphic DNA fragments with Mendelian segregation (1:1) and sizes varying from 200 to 2,000 base pairs. Of these, 63 markers were discarded due to the few genotypes amplified by them. A RAPD pattern using primer OPK 16 is shown in Figure 1 .
Seeking future map comparisons, primers used to amplify markers already mapped by other authors were tested (VERHAEGEN e PLOMION, 1996; GRATTAPAGLIA e SEDEROFF, 1994) . Such primers did not generate polymorphisms similar to those described in the literature and produced other polymorphic fragments not described previously (data not show). The discrepancy in comparison to the maps already developed indicates that the RAPD genetic linkage maps are only valid for the mapped populations and populations related with them. The distortions between maps can be the results of different factors, standing out the high genetic diversity characteristic of the genus Eucalyptus; the high sensitivity of RAPD methodology and the use of hybrids between two different species for mapping. Campinhos (2005) noticed distortions between RAPD linkage maps obtained from the cross of an E. grandis parent previously mapped with 5 E. urophylla parents, such as, fusion of distinct linkage groups, inversion of mapping order, lack of linkage between markers previously mapped and differences in the recombination frequencies between adjacent markers. 
Construction of linkage map
Prior to map construction, RAPD marker segregation was tested using the chi-square test (P<0.05). From a total of 113 markers, 15 (13.2%) presented distorted segregation. It is expected that on average two markers would show distortion from the expected proportion (α<0.01). The elimination of markers with distorted segregation is a possibility that should be evaluated considering the causes of such distortions such as, the insufficient number of individuals assayed (ROCHA et al., 2004; CARLSON et al., 1991) , amplification of overlapping markers by RAPD, error during marker evaluation (CAMPINHOS et al., 2005) and natural or artificial selection of seedlings in the greenhouse (VERHAEGEN e PLOMION, 1996) . In addition, the high genetic load of the species belonging to the Eucalyptus genus can result in distortion of markers close to lethal genes in heterozygous condition (YOUNG et al., 2000) .
The proportion of distorted segregation for markers was comparable with those reported for E. grandis x E. urophylla hybrid mapping: Campinhos (2005), 13.7%; Verhaegen and Plomion (1996) ; 7%, Grattapaglia and Sederoff (1994) , 4%, and Byrne et al. (1995) working with E. nitens, 6%. Markers presenting distorted segregation were not excluded of the following analyses and are marked with an asterisk in the map (markers E19c_550 and E19d_460 in linkage group 5).
Interspecific hybrid mapping allows the construction of two linkage maps, one for each parental origin. Such procedure brings the advantage of a reference map development for the parental species. Many works used this strategy for the construction of specificspecies maps (VERHAEGEN e PLOMION, 1996; GRATTAPAGLIA e SEDEROFF, 1994; BYRNE et al., 1995) . However, considering the limited number of markers amplified in this work and the nature of the molecular technique used, of difficult reproducibility, only one map for the hybrid population was considered to assisted selection purposes.
Twelve slightly saturated linkage groups comprising 51 linked markers, as well as 62 non-linked markers were obtained (Figure 2) . The high number of nonlinked markers is probably due the impossibility of obtaining linkage estimates between heterozygous markers of different parental origins, which results on an underestimated number of linked markers.
Markers were identified using the primer nomenclature followed by a lowercase letter, related with the number of markers amplified per primer. The size of the DNA fragment in base-pairs estimated by the GQMOL software is indicated. The total size of the map was 632 cM with a 16.14 cM average distance between loci, with 3.08 cM minimum distance value between two adjacent marks and 32.08 cM maximum distance. Grattapaglia et al., 1994 , estimated the genome length of E. grandis and E. urophylla in Centi-Morgans (cM) units using the RAPD technique in a "pseudotestcross" sib of 62 individuals (E. grandis genome length -1620 cM and E. urophylla -1156 cM). Considering the hybrid genome length as a mean of these two values (1388 cM), the estimated hybrid map coverage of the eucalyptus's genome is 45.5%.
Quantitative traits
Taking into consideration that trait non-adjustment to the normal distribution results in lower precision of QTL detection, the trait normality was evaluated using Lilliefors test as well as symmetry and curtose estimates. Total and commercial heights presented the highest deviation from the normal distribution leading to rejection of the hypothesis at 1% probability (Table 1) . Though these variables were not discarded from the analyses since the QTLs detection tests used are considered robust enough to support the observed deviation from the normality (SCHUSTER e CRUZ, 2004).
In addition to data normality, the correlations between the assayed metric traits were taken into account in order to detect pleiotropic effects (Table  2) . High negative correlation values between the traits extractive contents x pulp yield and insoluble lignin x pulp yield indicate good data quality obtained by NIR absorbance readings. The correlation values between the traits DAP and height were positive and high, as expected.
Although the trait heritability estimates are of major importance for the study of QTLs, these estimates for wood quality and growth could not be obtained because the assayed hybrid parents were 15 years old preventing the comparison with the 7-year-old hybrids. However, the high heritability values usually found for wood quality traits assisted selection procedures (ZOBEL e JETT, 1995). 
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QTL Mapping
Prior to other QTL analysis a single factor analysis was carried out using ANOVA and regression procedures for detecting markers related with expression of the characteristics independent with their position in the linkage groups. Fifty-three markers related with QTLs loci were found, 22 positioned in the map and 31 nonclustered markers (Table 3 ). The high number of nonlinked markers obtained increases the importance of the single factor mapping approach, indicating the existence of key genome regions for the expression of traits that was not mapped in this study. Verhaegen et al. (1997) found at least four genome regions in E. urophylla and five regions in E. grandis related with the traits growth, height and diameter. Grattapaglia et al. (1996) found three regions in different linkage groups which were important for the expression of the traits DAP and wood density.
The methodologies of simple and composed interval (LANDER e BOTSTEIN, 1989; ZENG, 1993) were also used to detect QTL´ s position along the linkage groups and to increase the precision of effect and position estimates. Some QTLs, which were apparently not significant by the simple interval methodology, presented LR values superior to the established by the permutation test (data not shown). This is an expected result, since the mapping methodology of composite interval associated with permutation tests assures an increased power to QTL detection (ZENG, 1993) . The threshold value for the QTL significance was determined by permutation test (DEORGE e CHURCHILL, 1996) making use of 1000 permutations and 5% significance level for the complete genome (Table 4) .
A total of nine QTLs were identified: one QTL for density, one QTL for pulp yield and two QTLs for extractive contents validated by the two methodologies, and also one QTL for soluble lignin level, two QTLs for insoluble lignin level, one QTL for DAP and one QTL for total height detected only by the composed (Table 4) . Two adjacent QTLs for extractive contents were detected by composite interval mapping in different positions from those obtained by the simple interval mapping method characterizing a "ghost" QTL resulted from the sum of the effects of two adjacent QTLs present in the same linkage group.
High correlation values associated to QTLs located next to each other could be the indication of a gene block of pleiotropic effect capable of affecting the simultaneous expression of one or more traits. Although a high negative correlation value has been found between extractive contents and pulp yield traits, there is no indication that these traits are controlled mainly by common gene blocks, considering that larger effect QTLs found for each trait are in different linkage groups.
On the other hand, the high negative correlation value found between the traits insoluble lignin level and pulp yield associated to overlapping QTLs found in the linkage group 3 suggests that these traits have the expression affected by common gene blocks. Grattapaglia et al. (1996) also reported the existence of key genomic regions, widely related with the expression of the traits growth and wood quality. This could be due to the existence of larger genes effect not only related with regulation and control of the traits assayed but also with the predominantly epistatic effect. Within this context, all the linkage group 1 and the regions over 20 cM in the linkage group 3 stand out as determinant of plant growth and development. In view of the high positive correlation found between the commercial traits height and DAP associated with overlapping QTLs found in the linkage group 4, it is also likely that these traits have the expression affected by common gene blocks. The high correlation value and the similarity of interval mapping methodologies suggest the existence of a unique QTL related with the expression of these two traits.
Assisted selection
The use of selection procedures assisted by molecular markers usually depends on two main steps: characterization of the effects and QTL identification and manipulation of these QTLs along the selection cycles (MOREAU et al., 1998) . Selection procedures assisted by molecular markers usually present differential efficiency compared with phenotypic selection procedures and can be more or less efficient than the latter (YOUSEF e JUVIK, 2001 In order to evaluate the effect of early selection using RAPD molecular data, molecular markers adjacent to QTLs were used to select genotypes among the evaluated population. With this purpose, differential selection values of assisted and phenotypic selection procedures were compared (Table 5 ). The efficiency of selection procedures is directly proportional to the selection differential and therefore the methodology resulting in the largest selection differentials, in this case is considered the most efficient one. For obtaining the values of selection differential, the percentage of the selected plants considered was 10%.
The analysis of selection differential values suggests that for all the assayed traits the phenotypic selection at seven years should generate larger genetic gains than early selection assisted by molecular markers. The QTL flanked by the markers I15b_490, G12b_784 identified only by the composite interval mapping methodology for insoluble lignin level presented the smallest effect on alteration in the mean trait (0.3%).
QTLs identified only by the composite interval mapping methodology and not by the simple interval mapping represent regions of smaller effect than those identified by both methodologies and its use for procedures of assisted selection should be evaluated individually. However, traits mean alterations as high as 19% for DA.P and 11% for extractive contents and commercial height were found using selection markers.
CONCLUSIONS
The present work describe markers for assisted selection in the evaluated and related populations that should provide gains in the assisted early selection, although the development of theoretical mapping studies and more robust marker techniques shows that the evaluation of more individuals and the use of others molecular markers techniques, such as SSR, should also be considered.
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